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In eq's (2), k is termed as the reduced velocity to be equal to wb/V. and C(k) is called the Theodorsen's function in which H(k) are the Hankel functions.
In eq. (1) the center of gyration is agreed with the mid-chord.
The aerodynamic response of a suspension bridge is given as a coupled vibration because of inclusion of both vertical and torsional modes in lift and torque moment.
The virtual work done by virtual displacements is Department of Civil Engineering, Kyoto University.
( 3 )
where q1= ei wit, q2 = ei w2t and L indicates the span length of wind loading, hence, the differential equations of motion is given as ( 4 ) ( 6 ) and adding the abbreviation above equations (4) , (5) are written in more convenient form as,
The frequency equation derived from eq's (7) and (8) 
for real part, and
for imaginary part in which and f3 = f3R + if3i
These two equations are transcendental equations about parameters k and co, which solutions may not be obtained in the closed form by means of the ordinary algebraic calculations. In above equations S. b, r and natural frequencies co,2, co,' can be calculated from given design factors. Consequently to solve these equations the values for fi in Table 1 are used interactively corresponding to any k. Substituting the values of f for a certain k, the remaining parameter co is determined from one of the equations. Using the obtained parameter co for the second equation, the parameters are examined whether or not these satisfy both expressions consistently, and the critical velocity V is obtained from the relation k= co b/V. It should be noticed that the external forces of lift and torque moments are derived for the two dimensional flow which means correspond to the infinite Aspect Ratio, AR=00, while the theoretical consideration here are made three dimensionally taking an account of spanwise variation of wind velocity in eq's (4) and (5). The smaller the Aspect Ratio (usually less than 5), the more different the two-dimensional liftcurve slope from the actual ones.
However for so long structure as a suspension bridge, the aspect ratio varies from 10 to 40 and the correction may remain so small as to be negligible".
2. Numerical illustrations.
Structural characteristics relating the aerodynamic stability are governed by various factors such as the shape of the floor system, the widthdepth ratio bid, existence of slots, etc.
In this paragraph, we take notice of b/d and consider the variation of flutter velocity with respect to this geometric parameter (bid).
Dimensions used in this calculation are as Table  1 Fig Cross-sectional area of lower chord 395 cm2 The bid values are exchanged in ten cases, maintaining the mass radius of gyration to be constant as r=16.830 m (refer to the Table 2) ,
The natural frequencies of vertical and torsional vibration W12, W22 and the corresponding mode functions for free vibrations are obtained on the basis of the method developed by F. Bleich3) which is described as follows.
Setting up the deflectional mode and torsional mode as for the main span, for the side span, for the main span, for the side span.
The frequency equation of vertical vibration
is obtained by eliminating a,, a1 and a3 from the following expression, 
For torsional vibration the derived values are shown in Table 3 .
To examine the effect of distributed wind acting on the suspension bridge, we consider the four types of load conditions indicated in Fig. 3 as fully loaded, 80%-loaded, 60%-loaded and 50%-loaded cases.
As the result of calculations the final solutions for two parameters k and co are obtained graphically as the interesting points of two k-W2 curves corresponding to equations (9) and (10) respectively (Fig. 4) . 
. Consideration.
From the curves indicated in Fig. 4 , the spectrum given by eq. (9) hardly varies for various values of b/d to be an almost straightline except the region where k is less than 0.3, while the spectrum given by eq. (10) varies conspiciously depending on the parameter k.
By the order estimation, the eq. (9) is reduced to a more simple form, because the mass density of air p, which is equal to 0.125 x 10-3 ton-sec2/ m4, is so small that s= sb mk2 is negligible in the region where k is comparatively large. Thus eq. (9) becomes approximately as, that is to say, eq. (9) indicates that k-w2 curves become asymptotically parallel to the k-axis in the spectrum diagram, for which the two corresponding frequency parameters approach to the frequencies of vertical and torsional vibrations, respectively, for the large values of k. Two kinds of curves corresponding to eq's (9) and (10) seem to intersect at several points, with which the parameter k and squared flutter frequency W2 are determined (Table 4 ).
* Effect of Structural factor
Inspecting the variation of flutter speed according to various values of the structural factor 2 b/d, the critical velocity increases remarkably until the ratio 2 bid reaches to 3.0.
So far as the structural dimensions used here is concerned it may be said that the geometric shape factor 2 bid should be chosen to exceed 1.5, since, in our calculation the critical velocity of 2b/d between 1.5 and 2.5 decreases remarkably depending on the loaded length (Fig. 5) . Length in the spanwise direction (Fig. 6) .
The particular attention should be paied on the lowest value of kinds of flutter velocities which takes a more important role in the structural point of views.
The acting length of wind on a suspension bridge has not so large effect on the flutter speed.
Especially for the large ratio of bid, that is, the flat floor, the difference of flutter speeds between the case of fully loaded and the case of half loaded along the spanwise is less than 7%.
Moreover it should be noted that there are some cases in which the flutter speeds under fully loaded condition do not reach to the minimum. This seems to be an effect of higher order terms of the free vibrational modes.
If we take into account the existence of side spans the effect of higher order terms becomes rather small in fundamental mode. Fig. 7 indicates a three dimensional relation, of Vcr, bid and load condition, from which it is considered that the most profitable shape be given as a stationary point on this surface in the diagram.
An empirical form of expressions of critical wind velocity for a bridge being based on flutter theory is proposed by A. Selberg".
In consequence with deformation of flutter equation, he demonstrates the effect of various structural parts to improve aerodynamic stability of a suspension bridge, since the flutter velocity Vfhas no direct bearing to the actual bridge sections. However, it may be used as a reference value for comparison of different wind tunnel tests.
He introduces the factor K as follows, (14) and determine the K-values from experiments of section models. His investigation suggests to give the bridge cross-section such a form and such dimensions that the factor in eq. (14) will be a maximum.
Furthermore an empirical formula for VF is given as (15) where Thus, from eq. (15), it is noticed that the -clutter velocity V F is apparently proportional to the bridge width, and further that the most effective measure is to increase coy. to increase the aerodynamic stability.
Substituting the same dimensions of our calculation to the equation (15) , the critical wind velocity obtained is indicated in Fig. 5 . Fig. 8 indicates the variation of critical wind velocity for the suspension bridge considered !:ere with the various combinations of deflectional and torsional circular frequencies.
In this diagram, the relationship is given as a spatial curve which is projected to the Vcr-w1 plane.
This signifies that the critical velocity depend in complicate fashion on the circular frequencies.
In this case the value of Vcr seems to reach the locally maximum near (01 = 0 .94 throughout the four kinds of loading con- ditions and this accidentally corresponds to the case 5 (2 b/d= 2.00) in Table 3 .
Conclusion.
In the previous paragraphs, we introduced the effect of spanwise-distributed wind and the geometric sharp bid into the problem of aerodynamic stability of suspension bridges for the purpose to improve the F. Bleich's flutter theory. Based on result of our calculations we may conclude that the geometric factor 2 b/d should exceed 3.0 for such structural scale of bridge as considered here.
In practical design, it is obvious that we must take into an account of the structural strength of the bridge at first, and then above condition for geometric shape should be satisfied in the view of aerodynamic stability.
In spite of the facts that some uncertain matters still remains to be discussed such as the 
